In this study, we describe a novel self-contained, nonviral vector system for the rapid development of tetracycline (Tet)-inducible transgene expression systems in mammalian cell lines. To avoid multiple rounds of clonal selection for the establishment of stably transfected cell clones, as is necessary with conventional systems, we constructed a multicomplementary DNA(cDNA) expression vector that enables both one-step targeted genomic integration and conditional induction of transgene expression. This vector system consists of several modules including a Tet-inducible promoter directing the expression of a transgene and two Tet repressor expression units placed in tandem on a single vector. The cell clones, generated using a one-step fC31 integrase-mediated chromosomal integration of the multi-cDNA expression construct, showed a stable and robust expression with high induction rates upon addition of doxycycline inducer in five different cell lines tested. By using this system, we show c-Src-induced cell transformation and anticancer cell therapy for this transformation in cultured fibroblast cells. The results show a rapid production and accumulation of target protein on addition of the inducer starting from extremely low background levels and reduction to background levels in a matter of days after the inducer was withdrawn from the culture medium.
Introduction
A direct gene transfer into defined sites on chromosomes has the potential for both elucidating the molecular mechanisms underlying genome function and for developing clinical applications such as regenerative medical treatment and gene therapy. Conditional control of introduced transgenes to switch on and off expression on demand has a clear advantage over constitutive expression. With constitutive expression, overproduction of the particular protein may affect cellular physiology because of toxic effects of the expressed protein. Furthermore, the ideal inducible system would provide a valuable tool for allowing the modulation of timing and expression levels of the introduced transgenes within single cells. Although a significant number of systems for conditional gene expression have been developed, the tetracycline (Tet)-inducible expression system is the most prominent and widely accepted inducible system so far. 1 To achieve a robust and persistent inducible expression of a transgene in cells, it has been recommended to establish a stable cell line that constitutively expresses the tetracycline repressor (TetR) and inducibly expresses the gene of interest (GOI) fused to tetracycline operator (TetO). A conventional method has been to create a stable cell line that expresses only the TetR, then a second cell line by introducing the inducible expression GOI plasmid, or to construct a stable cell line by cotransfection of both plasmids carrying TetR gene and inducible GOI, followed by dual selection with two different drug-resistant markers. To avoid clonal isolation in the final round of transfection, the Flp-In-T-REx 293 cell line (Invitrogen Corp., Carlsbad, CA, USA) has been used. In this system, the inducible GOI plasmid can be integrated into the 293 chromosomal DNA by Flp/ FRT site-specific recombination. As alternative trials to avoid two or three rounds of transfection of separate plasmids and clonal selection, an episomal one vector system has been reported that contains all the elements for the conditional expression of a GOI through Tet regulation in a single vector. [2] [3] [4] These plasmid vectors have fully established doxycycline (Dox)-inducible protein expression by a single transfection, and were efficiently propagated by EBNA1 and oriP, carried without being integrated into chromosomal DNA of mammalian cell lines.
Site-specific recombination systems are powerful cellular tools for introducing predetermined modifications into mammalian genomes. 5 fC31 recombinase catalyzes site-specific integration of genes into naturally occurring genomic sequences (pseudo-attP) of host mammalian cells, 6, 7 in contrast to Cre and Flp recombinases, which require artificial DNA sequences, LoxP and FRT, respectively, which were previously introduced into chromosomal DNA. Furthermore, fC31 recombinase is a unidirectional integrase that catalyzes the integration of transgenes into pseudo-attP sites by recombining the attB recognition site in an episomal plasmid, creating attL and attR sites, which are different sequences from attP and attB and are not substrates for the integrase; that is, fC31 is a unidirectional integrase that only supports integration. This is in contrast to Cre and Flp recombinases, which create two cis-positioned LoxP and FRT sites, respectively, in close proximity to each other after the recombination reaction, thereby allowing an immediate reverse reaction. The utility of Tet-inducible systems would be enhanced by combining it with the fC31 recombinase system, which mediates a stable integration of the genes into genomic DNA in a one-step procedure.
We first developed novel multicomplementary DNA (cDNA) expression constructs, which enable both onestep targeted genomic integration and conditional induction of transgene expression. The constructs harbor three tandemly situated cDNA cassettes containing a TetO 2 -GOI unit and two tandem TetR units in a single plasmid, and can be integrated in a one step, fC31 recombinase-mediated procedure into native chromosomal sites. The expression levels of these transgenes are enhanced and made equally stable and robust by inserting the chicken b-globin HS4 (cHS4) insulator between the genes. The stable transfectants maintained long-term stability of the transgene cassettes, as well as low background GOI expression levels and high inducibility in the presence of Dox. To exemplify the utility of this system, we show cellular transformation by increased c-Src levels attained by inducing the cDNA expression, and anticancer therapy for c-Src transformation by inducing Cbp proteins from the transgene cassette.
Results
Design of the all-in-one vector system for tetracyclineinducible expression and stable genomic integration A single expression plasmid, pBKT2, outlined in Figure  1a was constructed by joining 11 DNA fragments using Multisite Gateway technology (Invitrogen Corp.). [8] [9] [10] [11] [12] Construction of multiple functional DNA elements in tandem on a single plasmid was performed by stepwise LR and BP reactions as indicated in Figure 1b . All functional elements required for Tet regulation were placed on one contiguous DNA fragment of 12 340 bp between att1 and att2 Gateway recombination signals. This fragment comprises three regulatory cassettes, a TetO 2 -GOI-containing regulatory module between att1 and att6 (2238 bp), the first TetR gene-containing module between att6 and att4 (4958 bp) and the second TetR gene-containing module between att4 and att2 (5144 bp). Expression of GOI is directed by a CMV promoter fused to two tetracycline operator (TetO 2 ) sequences. When Dox is added to the culture and two TetR genes are constitutively coexpressed from CAG promoters, high levels of expression are achieved. The vector backbone comprises the ampicillin-resistance gene, the hygromycin-resistance gene driven by the HSV-TK promoter and a bacterial (colE1) origin of replication.
The most efficient way to achieve a long-term stable expression of the introduced transgene is by integrating the transgene into chromosomal DNA in the cell. The conventional approaches used to deliver the gene into somatic cells for subsequent integration into chromosomal DNA by spontaneous random integration have generally resulted in inefficient integration. These limitations can be overcome by using site-specific recombination methods, which allow the transgene to be inserted efficiently at a definite location in the genome. Three well-known site-specific recombination systems have become valuable tools for integrating transgenes into mammalian genomes. These are Cre recombinase from P1, 13 Flp recombinase from Saccharomyces cerevisiae 14 and fC31 recombinase from the Streptomyces fC31 phage. 15, 16 Unlike Cre and Flp recombinases, fC31 recombinase is a unidirectional enzyme that catalyzes the integration of transgenes into native attachment sequences (pseudoattP) of the host genome of mammalian cells 17 by recombining the attB recognition sequence in a donor plasmid and one or more pseudo-attP site(s) in host chromosomes. [6] [7] [8] The system described here uses a fC31 attB sequence inserted into the pBKT2 vector backbone (Figure 1a ) to enable integration into pseudo attP site(s) of the host chromosomal DNA.
The expression of tandem transgenes stably inserted into cellular genome is often subject to a mutual transcriptional interference by each of the regulatory elements situated in close proximity. 18, 19 The diminished expression of downstream cDNAs by interference can be restored by inserting an insulator such as the cHS4 20 element between neighboring transgenes. 21 The cHS4 element is one of the best-characterized vertebrate insulators that function to shield genes in the genome from neighboring environmental effects such as activation or silencing. 22 As carried out in this study, this element, when inserted between tandemly arrayed cDNAs, led to a well-balanced coexpression and pBKT2 was constructed by joining 11 DNA fragments through two LR reactions and one BP reaction. In the first step, three to four entry clones were subjected to first LR reaction with a pUC-DEST, followed by first BP reaction with pDONR, resulted in production of the modular entry clones, which contain three to four DNA fragments. In the next step, three of the modular entry clones were assembled to pB2H1/SV-DEST by second LR reaction to construct pBKT2. 24 and transcriptional shut-off occurs in the absence of Dox through a high-affinity interaction between TetR dimmers and TetO 2 . High levels of expression can be achieved through activation of the CMV promoter when Dox is added to the system by releasing TetR from TetO because of a higher association constant between TetR and Dox. 25 
Functional evaluation of pBKT vectors
The expression levels of all-in-one pBKT vector systems were investigated under repressed and induced states, with the plasmids carrying one TetR gene and two tandem TetR genes. pBKT1 carrying a single CAG-TetR expression cassette downstream of the CMV-TetO 2 -Venus reporter cDNA cassette ( Figure 2A ) was stably integrated into HeLaS3 chromosome and compared with pBKT2 with two tandem TetR genes in the stably transfected HeLaS3 clone. The relative rates of expressed Venus protein levels, with and without Dox inducers, were measured by fluorescent emission intensity. The background expression from pBKT2 under repressed state (without Dox) was as low as 0.3-fold of the level relative to that of pBKT1 ( Figure 2B ). A similar result was obtained when the expression level was quantified by real-time PCR (that is, the background expression of pBKT2 was as low as 0.1-fold of the level relative to that of pBKT1), thus attaining about sevenfold higher inducibility with pBKT2 than with pBKT1 ( Figure 2C ). The TetO 2 element can be sufficiently bound by TetR to block transcription almost completely in the pBKT2 system. Consistent with these observations, the result of western blotting analysis with TetR levels in pBKT2 was about 4.3-fold higher than that of pBKT1 ( Figure 2D ). By placing the cHS4 insulator elements between genes, the expression levels of the TetR genes of pBKT1 and pBKT2 were increased to 1.9-fold and 8.2-fold, respectively, compared with those ofpBKT3, which contains no insulator as control ( Figure 2D ). This resulted in a lower background activity in the absence of Dox and higher inducibility by the addition of inducer with pBKT plasmids harboring cHS4 insulator(s) (Figures 2B and C). Those transgenes introduced into HeLaS3 genomic sites were quite stable and robustly expressed in refreshed culture after longterm storage of over 6 months at À80 1C or in liquid nitrogen (data not shown), consistent with earlier reports. 8, 26 By using the fC31 recombination system, we can introduce the all-in-one pBKT2 vector system into essentially any mammalian cell line without pretreatment of cells. We tested the application of this one-step Tet-inducible system to different cell lines such as NIH3T3, Cos7 and 293A, comparing the inducibility with that of HeLaS3 cells. As indicated in Figure 3 , the background values with these three cell lines were satisfactorily low without Dox, comparable with a level of HeLaS3, and the expression levels after induction by the addition of Dox were remarkably high with these three cell lines, thus verifying a possibility that pBKT2 is useful for various mammalian cell lines.
Inducible cell transformation by conditional expression from the transgenic pBKT2 cassette
The system described here for the one-step conditional induction of transgene expression offers a simple tool with which to study cell transformation by c-Src, as well as the suppression of c-Src transformation by Cbp at the level of cultured cells. One experimental demonstration of the feasibility of this application of the pBKT2 system was carried out by using the Csk-deficient mouse embryonic fibroblast (MEF Csk-KO). 27 In these cells, wild-type c-Src is capable of inducing cell transformation, as well as tumorigenesis, 27 and expression of Cbp, which is Csk-binding protein, 28 is remarkably downregulated by c-Src transformation. By relief of diminished expression of Cbp, c-Src transformation is efficiently suppressed even in the absence of Csk. 29 It has been understood that phosphorylated Cbp binds to activated c-Src, causing c-Src to translocate into lipid rafts, and that sequestration of c-Src in lipid rafts is sufficient to suppress c-Src-mediated transformation.
We constructed pBKT2-c-Src and pBKT2-Cbp plasmids in which the Venus-reporter cDNA is replaced with c-Src cDNA and Cbp cDNA, respectively, and cotransfected these plasmids with a fC31 integraseexpressing plasmid into MEF Csk-KO cells. The stably transformed cells harboring transgenic pBKT2-c-Src and pBKT2-Cbp DNA cassettes were isolated. After the selection of hygromycin-resistant colonies for 2 weeks and refreshed culturing for five passages at 37 1C for 2 weeks, the transformed cells were examined for the effects of Dox-induced expression of c-Src and Cbp.
The MEF Csk-KO cells carrying transgenic c-Src (pBKT2-c-Src) were then analyzed for the transforming ability of c-Src (induced by the addition of Dox). As shown in Figure 4 , exogenous expression of c-Src from the transgenic pBKT2-c-Src cassette in the presence of Dox could efficiently induce the transformation of Csk-KO cells. The c-Src-induced transformation accompanied changes in cytoskeletal organization and anchorage-independent growth in soft agar. 27 The former was analyzed using immunocytochemical staining of actin filaments with Alexa594-phalloidin ( Figure 4A ), and the latter was determined by soft agar colony-formation analysis ( Figure 4B ). The intracellular accumulation of c-Src protein by induced expression and the efficient phosphorylation of focal adhesion kinase, which is a substrate protein of c-Src, were consistently observed by western blotting analysis ( Figure 4C Figures 4A and B) . Figures 5A and B) . Thus, the conditional Tet-induced systems using pBKT2 showed a successful manipulation of transient and reversible conversion of c-Src transformation and suppression of c-Src transformation by Cbp. Consistent with the above observation of transient manifestation and extinction of c-Src and Cbp effects in culturing cells, the levels of Cbp protein produced from the transgenic pBKT2-Cbp expression cassette of MEF Csk-KO/c-Src cells showed up and downregulation within several minutes upon the addition and removal of Dox. As seen in Figure 6A , the accumulation of Cbp protein increased during incubation after the addition of Dox, reaching a plateau at 12 h. When Dox was removed from the culture medium, the protein level decreased rapidly within 24-72 h ( Figure 6B ). This observation is consistent with the relatively rapid transformation and return to normal of transformed MEF cells (Figures 4 and 5) . Similar results of a transient intracellular accumulation of Venus protein from the pBKT2 Venus expression cassette integrated into chromosomes of HeLaS3 and 293A cells were obtained (data not shown).
Discussion
In this report, we describe a novel self-contained vector system for conditional Tet-inducible gene expression and tested its applicability for the manipulation of mammalian cell lines. For this purpose, two full-length cDNAs encoding TetR were cloned downstream from TetO 2 -controlling GOI on a single plasmid (Figure 1 ), using Multisite Gateway technology [8] [9] [10] [11] [12] to assemble 11 DNA fragments. Using a fC31 integrase-mediated recombination system, we constructed stably transfected cells carrying the Tet-inducible expression cassette in a onestep procedure. This simple strategy inserts a conditionally inducible transgene expression cassette into a target site preexisting in the host chromosomal DNA by sitespecific recombination, that is, only cell lines carrying the genomic target site, FRT (Flp-In-T-REx) or LoxP, introduced by random integration can be utilized. The relative rate of the reporter gene expression with and without Dox (inducibility) is five to sixfold higher with the all-in-one vector system than that with the T-REx system (data not shown), probably because of more sufficient repressibility resulting from higher repressor levels from the two TetR genes used with the present system. However, the genomic integration sites of plasmids pBKT2-c-Src and pBKT2-Cbp in the transfectants used in this study were at multiple sites. Determination of the insert site by the plasmid rescue and sequencing method 8, 30 showed that the pBKT2-c-Src plasmid was inserted at a pseudo attP site positioned 161 bp from XqA1.3, as well asat at least one site by random integration. This insertion was also accompanied by a short chromosomal rearrangement in the flanking DNA sequences downstream from the attRgenome junction. 8, 31 In another pBKT2-Cbp-carrying cell clone, the plasmids were randomly integrated at sites on the chromosome, the loci of which could not be determined. (Of two clones with pBKT2-Cbp isolated independently, one was determined to carry the Cbpexpressing cassette at 2qF3 and 3qE3 loci, together with one or more randomly integrated sites, but we did not use this in the present experiment because of a slightly higher induced Cbp level.) It has been reported that a significant portion of the fC31 integrase-mediated integration events lead to random integrants, 6 ,32 which has led to speculation that a double-stranded break made by the integrase at the target site of the donor plasmid (d) and (e) of (A) were immunoblotted with anti-phosphotyrosine antibody 4G10, anti-Src, anti-Src pY418, anti-focal adhesion kinase (FAK) pY397, anti-FAK or anti-GAPDH. Descriptions of the proteins analyzed using these antibodies that concern to cell transformation induced by c-Src function were in the report published eviously. 27 The other conditions are described in the Materials and methods section and text.
Tetracycline-inducible system for versatile use K Inoue et al may improve the efficiency of homologous recombination. [32] [33] [34] It has also been reported that about half the number of clones obtained with the fC31 recombination system are of recurrent integration into multiple (2-4) sites in a cell. 8 In the present Tet-inducible all-in-one vector construct, transcription of the most upstream GOI is directed by the CMV promoter, which contains tandem TetO sequences (TetO 2 ) between a TATA box and a transcription initiation site. The transcription of respective TetR genes located in the downstream region from the TetO 2 -GOI is under the control of CAG promoters. The all-in-one vector systems were used in several somatic mammalian cell lines (Figure 3 ). In these lines, the tandem TetR genes were highly expressed from the CAG promoters but not from CMV promoters, most likely because of a decreased (d) and (e) of (A) were immunoblotted with anti-phosphotyrosine antibody 4G10, anti-Cbp, anti-FAK pY397, anti-FAK or anti-GAPDH. Description of the proteins analyzed using these antibodies that concern to Cbp function in the regulation of c-Src transformation in the report published previously. 29 The other conditions are described in the Materials and methods section and text.
Tetracycline-inducible system for versatile use K Inoue et al expression of downstream genes, although the genes were flanked with cHS4 insulators (data not shown). An explanation for this could be that three tandem strong CMV promoters situated closely to each other on a vector may lead to a stronger interference between the promoters, although the insulators exist between them, as the insulator effect is shown to be dependent on the strength of the promoters. 11 Regarding the configuration of the expression elements in pBKT2 (Figure 1a) , two cHS4 insulators situated between two different promoters are necessary for a well-balanced expression of those three cDNA units.
Application of the present Tet-inducible expression system to MEF cell lines showed the utility of the pBKT2 system for the study of regulatory mechanisms of cellular physiology. This was shown with c-Src-induced cell transformation and anticancer cell therapy for this c-Src transformation in cultured cell levels. It is remarkable that pBKT2-Cbp-carrying MEF Csk-KO/c-Src cells showed induced synthesis of the Cbp protein immediately after addition of Dox, starting from a low level and reaching to maximum levels within 12 h under standard culture conditions at 37 1C (Figure 6a ). The levels decreased to baseline in a few days after removal of the Dox inducer from the medium (Figure 6b ). Temporal manifestation of c-Src-induced cell transformation with Csk-KO cells (Figure 4 ) and of Cbp-mediated reversion of transformed cells to normal morphological cells ( Figure 5 ) was attained in several days, consistent with the above mentioned transient up-and downregulation of Cbp protein levels. In this study using the pBKT2 system, the fluctuating protein level has limited only by the target protein, unlike the cases of heat-inducible systems in which a variety of proteins will be fluctuating together with the target protein of interest.
The Tet-inducible all-in-one vector system reported here will be an attractive tool for the study of various biological and medical applications in the postgenomic era. The utility of this system will be amplified by combining it with the multiple cDNA expression clones containing tandemly arrayed cDNA expression elements that are well suited for a stable and high-level expression. The need for conditional manipulation of expression of transgenes in cells, including stem cells, will benefit not only the basic research of various biological functions and drug screening but also potentially clinical applications such as regenerative medical treatment and gene therapy.
Materials and methods

Plasmid construction
Expression clones were constructed using the Multisite Gateway system, essentially as described. 10, 12 The expression clones pBKT1, pBKT2 and pBKT3 were constructed by stepwise LR and BP reactions with one destination vector and six or eight types of entry clones (Figure 1b, Supplementary Table 1) . Construction of expression clones harboring c-Src cDNA and Cbp cDNA, pBKT2-c-Src and pBKT2-Cbp, respectively, was carried out by an LR reaction with one destination vector and nine types of entry clones shown in Supplementary Tetracycline-inducible system for versatile use K Inoue et al PCR of pEF5/FRT/V5-DEST (Invitrogen Corp.). The PCR primers used for construction of those entry clones were as indicated in Supplementary Table 2 .
The entry clones for TetO 2 -Venus-containing module, pENTR-L1-P CMVÀTO2 -R3, pENTR-L3-Venus-ds1-*L4 and pENTR-R4-pA BGH -L6, were constructed by attB flanked PCR using pT-REx-DEST30 (Invitrogen Corp.), pd1-Venus 35 and pEF5/FRT/V5-DEST (Invitrogen Corp.) as templates, respectively. The entry clones for TetR gene-containing module, pENTR-L5-P CAG -R3, pENTR-L3-TetR-*L2 and pENTR-R4-pA SV40 -L6 were constructed by attB flanked PCR using pCAGGS, 36 pcDNA6/TR (Invitrogen Corp.) and pEF5/FRT/V5-DEST as templates, respectively, followed by BP reactions. The entry clone containing repetitive cHS4 insulator cassettes, pENTR-R6-2xcHS4-R5, was constructed by inserting the SalI-2xcHS4-XhoI-BamHI fragment from pUC-2xcHS4 20 into the entry clone carrying SalI and BamHI sites. For construction of pBKT2-c-Src and pBKT2-Cbp, pENTR-L3-HindIII-R1, pENTR-L1-cSrc(or Cbp)-L2 and pENTR-R2-XhoI-*L4 were used instead of pENTR-L3-Venus-ds1-*L4 as shown in Supplementary Table 1 . Chicken c-Src cDNA (Genbank accession no.: NM_009271) and rabbit Cbp cDNA (Genbank accession no. :NM_022253) were amplified from pCX4pur-c-Src, 27 pCX4bleo-Cbp, 29 respectively. Two adaptor entry clones, pENTR-L3-HindIII-R1 and pENTR-R2-XhoI-*L4, have 7 bp containing a HindIII site between attL3 and attR1, and 11 bp containing XhoI site and a TAA stop codon between attR2 and attL4 respectively.
The expression clone for constitutive Venus expression without TetO 2 , pBK1, was constructed by a similar procedure using pENTR-L1-P CMV -R3 instead of pENTR-L1-P CMVÀTO2 -R3, as shown in Supplementary  Table 1 . For construction of pENTR-L1-P CMV -R3, pDEST12.2 was used as a template. The sequences of the primers used are given in Supplementary Table 2.
Cell culture
Cells were cultured in Dulbecco's modified Eagle's minimum essential medium (D-MEM; Invitrogen Corp.) supplemented with 10% fetal bovine serum (Invitrogen Corp.).
Transfection of plasmid DNA
Transfection of cells was carried out using Fugene HD Transfection Reagent (Roche, Indianapolis, IN, USA) according to the manufacturer's instructions. Cotransfection with the pBKT-series and a fC31 integrase-expression clone, pCMV-phiC31 Int, was carried out at a mass ratio of 1:1. After 24 h of transfection, cells were selected in medium containing hygromycin B (Invitrogen Corp.) for 2 weeks. The stably transformed cells were observed with a fluorescence microscope (Eclipse TE2000-E; Nikon, Tokyo, Japan) with filter sets for CFP/YFP/Cy5 (86008vl; Chroma Technology Corp., Rockingham, VT, USA).
FACS analysis
Quantitative determination of the fluorescent intensity of Venus protein in stably transformed cells was carried out using FACSCalibur (Becton Dickinson, San Jose, CA, USA). Details of the other conditions used in this experiment were as described previously. 37 Real-time reverse transcriptase PCR Real-time PCR was performed using the Applied Biosystems 7300 Real-time PCR System (Applied Biosystems, Foster City, CA, USA). The primers used in these experiments are shown in Supplementary Table 2 . Details of the other conditions used in this experiment were as described previously. 21 
Immunoblot analysis
Cells were lysed with ODG Buffer containing 25 mM TrisHCl, 1 mM EDTA, 0.15 M NaCl, 5% glycerol, 1% NP40, 2% octyl-D-glucoside, 4% serine and cysteine protease inhibitor cocktail (Complete, EDTA-free; Roche). Immunoblot analysis was carried out according to the method described previously. 37 The following primary antibodies were used: anti-Tet Repressor (MoBiTec GmbH, Gottingen, Germany), anti-EGFP (Molecular Probes), anti-phosphotyrosine (4G10, Upstate, Charlottesville, VA, USA), anti-Src (Ab-1, Oncogene Research Product, San Diego, CA, USA), anti-Src pY418 (Biosource, Camarillo, CA, USA; recognizing autophosphorylation site of pY416 of c-Src in chicken), anti-focal adhesion kinase pY397 (Biosource), anti-focal adhesion kinase (Santa Cruz, Santa Cruz, CA, USA) and anti-glyceraldehyde-3-phosphate dehydrogenase (Trevigen, Gaithersburg, MD, USA). Anti-Cbp was prepared as described previously. 28 Anti-rabbit IgG (Cell Signaling, Beverly, MA, USA) and anti-mouse IgG (Sigma, St Louis, MO, USA) conjugated AP were used as secondary antibodies.
Immunochemical analysis
Cells were washed with PBS and fixed with 4% paraformaldehyde for 15 min at room temperature. After washing with PBS, the cells were blocked with 1% bovine serum albumin/0.1% TBST for 30 min at room temperature. For stain of F-actin, the sample was incubated with 500-fold diluted Alexa594-phalloidin in 1% bovine serum albumin for 1 h at room temperature, followed by washing with PBS. The specimens were observed by confocal laser-scanning microscopy (EV-1000, Olympus, Tokyo, Japan). Details of the other conditions used in this experiment were as described previously. 27 
Soft agar colony-formation assay
Single-cell suspensions of 4 Â 10 4 cells were plated in 60-mm culture dishes in 3 ml of D-MEM containing 10% fetal bovine serum and 0.36% agar on a layer of 5 ml of the same medium containing 0.7% agar. For induction of c-Src and Cbp protein, medium supplemented with 2 mg ml -1 Dox was used. Nine days after plating, cell colonies were stained with 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (Sigma) and photographed. Details of the other conditions used in this experiment were as described previously. 27 
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